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Abstract

The antifungal effects of some botanical extracts and the antagonistic effects of Trichoderma asperellum isolates against Alternaria brassicicola,
the causative agent of Alternaria blight of mustard was evaluated in this study on November 2021 to February 2022 at Bangladesh Agricultural
University, Mymensingh. A total of 18 plant extracts and 18 Trichoderma isolates were used to evaluate their effectiveness in inhibiting
A brassicicola mycelial growth. The highest mycelial growth inhibition (93.59 %) was observed with cumin seed and clove seed extracts. Five
T. asperellum isolates exhibited 84.13 % growth inhibition of A. brassicicola in in vitro dual culture assays. Following these promising findings, field
trials were conducted using the best two botanicals at two different concentrations (1:10 and 1:20) and formulated products of two
T. asperellum isolates (BDPMIL-TAN51 and BDPMIL-TAN41) to evaluate their impact on disease incidence and severity of Alternaria blight in the
field condition. In field conditions, plants treated with T. asperellum bioformulation demonstrated superior results compared to those treated
with botanicals, exhibiting minimal disease incidence and severity (19 % and 18.33 % respectively), while water control plants recorded the
highest disease incidence and severity (38 % and 78.33 %) at 54 days after sowing (DAS). Trichoderma asperellum isolate PMIL-TAN51
bioformulation-treated plants displayed the lowest pod infection rate (20 %), whereas control plants presented the highest pod infection rate
(66.63 %). Additionally, plots sprayed with Trichoderma bioformulation-treated plants showed better yield-contributing parameters and overall
yield compared to those treated with botanicals. According to the results of field evaluation, T. asperellum, as a biocontrol agent, may help in
managing Alternaria blight of mustard disease in Bangladesh.
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Introduction are consumed fresh as a salad, possessing therapeutic benefits
such as blood purification and being rich in vitamins A, C and E
(3-5). Glucosinolates found in mustard have pesticidal properties,
which are utilised as fumigants and soil organic matter content,
thereby promoting environmentally friendly and costeffective
agricultural practices (6). Mustard cultivation significantly
contributes to the income of small and marginal farmers;
nevertheless, its production encounters challenges from various
biotic and abiotic factors worldwide, with diseases posing a
significant threat. In Bangladesh, mustard is susceptible to 14
diseases, among which leaf blight caused by Alternaria brassicae/
Alternaria brassicicola stands out as one of the most devastating,
leading to circular spots on leaves and pods, thereby affecting seed
quality, size, discolouration and oil content by impeding
photosynthesis (7, 8). This fungal infection poses a serious threat to
mustard crops, leading to a potential decrease of up to 70 % in

Mustard (Brassica spp.), a member of the Brassicaceae family, is a
significant rabi oilseed crop in Bangladesh and a preferred source
of edible oil for one-third of the global population. Originating from
the Mediterranean region, mustard holds diverse agronomic value,
serving as fodder, green manure, fast-growing salads, condiments
and edible oilseeds due to its high protein and oil content (1).
Mustard is grown in 53 countries across six continents. In 2023,
Bangladesh significantly increased its mustard production by
expanding its farming area by 40 % (to 812000 hectares). This
resulted in a massive harvest of 1.152 million tonnes of seeds (2).
Mustard, with its oil content ranging from 40-44 %, protein content
of 25 % and nitrogen (N) content of 6.4 %, yields oilcake as a by-
product, which serves as a nutritious feed for cattle and fish, as well
as an organic fertiliser. Additionally, the young leaves of mustard
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rapeseed yields and 35-40 % in Indian mustard yields, resulting in
damage to crop development at every phase and a notable
reduction in harvest quality (9). The disease significantly impacts
yellow sarson (46-47 %) and mustard (35-38 %), causing
substantial losses by disrupting their photosynthetic capabilities
and thus becoming one of the most-destructive fungal diseases of
Brassicaceae in Bangladesh (10). Currently, no commercially
grown mustard cultivars in Bangladesh exhibit resistance to
Alternaria leaf blight disease, except for BINA Sharisha-8, which
shows borderline resistance against A. brassicicola (10). Developing
resistant varieties is challenging, expensive and time-consuming;
hence, adopting eco-friendly management approaches, such as
the use of biological agents and botanical extracts, is deemed the
most effective strategy for long-term disease control and for
preventing environmental damage caused by chemical fungicides
(11-13). Several studies have investigated and published eco-
friendly management techniques for controlling Alternaria blight
disease in mustard fields, with bioagents like Trichoderma spp. and
Bacillus spp., along with plant extracts, proving to be the most
efficient and cost-effective methods (14, 15). Garlic bulb extract
and neem leaf extract have displayed the best results in controlling
A brassicae (16, 17), while Trichoderma species have
demonstrated efficacy in seed treatment and foliar spray
applications against Alternaria blight (12, 18, 19). Considering the
above circumstances regarding this disease, the present study
aims to evaluate the effectiveness of specific eco-friendly
treatments in controlling Alternaria leaf blight disease in mustard
fields and their effects on growth and yield parameters.

Materials and Methods

In vitro evaluation of different botanical extracts and
Trichoderma spp. against Alternaria brassicicola

Preparation of Alternaria isolates for in vitro evaluation

The in vitro experiment was carried out at the Plant Microbe
Interaction Laboratory, Department of Plant Pathology,
Bangladesh  Agricultural  University, using a completely
randomised design (CRD) with 3 replications per treatment, along
with a control for comparison. Alternaria blight disease causing
organism, A. brassicicola was isolated from infected mustard seeds
obtained from farmers' fields using the standard blotter
method (20). The fungus grew out of seeds in moist blotter within
3-4 days of incubation. Deep brown to dark ashy fungal structures
appeared on seeds. Each seed exhibiting such structures was
observed under a stereo-binocular microscope. Preliminary
observations confirmed that the fungal growth belonged to the
genus Alternaria. Upon transferring to potato dextrose agar (PDA)
plates, colonies with dark coloured top and back appeared.
Morphological characteristics were examined for species
confirmation and a pure culture was obtained through sequential
subculturing of the fungal isolate 3-4 times, following the
procedure outlined by previous studies (10, 21).

Screening of different botanical extracts against Alternaria
brassicicola

The antifungal efficacy of 18 plant extracts againstA. brassicicola
was examined in this experiment (Table 1). Additionally,
chemical fungicide, Rovral 50 WP (Ipridione) and water was used
as a control were included for comparison. The antifungal
activity of the plant extracts was assessed, where the botanical
extracts were prepared at a ratio of 1:5 (20 g of fresh plant
samples blended in 100 mL water) and then mixed with 100 mL
of double strength PDA to make a PDA media containing plant
extract at a ratio of 1:10 (22). The PDA medium supplemented
with plant extract, was sterilised and poured into Petri dishes to
prepare PDA plates. A 0.3 % (w/v) solution of Rovral 50 WP was
prepared by dissolving 3 g of the fungicide in 1000 mL of distilled
water.

Table 1. List of botanicals with their specifications used in vitro experiment

Scientific name/

Treatments . Type Plant parts used Active ingredient
chemical name

T1: Garlic Allium sativum L. Botanical Clove Allicin (23)

. . . . . Thymoquinone,
T2: Black cumin Nigella sativa L. Botanical Seed thymohydroguinone (24)
Ts: Onion Allium cepa L. Botanical Clove Ergoloid, galantamine (25)
Ta: Cumin seed Cuminum cyminum L. Botanical Seed Terpenes, flavonoids (26)
Ts: Fenugreek Trigonella foenum-graecum L. Botanical Seed 4-Hydroxyisoleucine (27)

. . . . . 3B-acetoxy-mexicanolide,6-acetyl-
Te: Mahogany Swietenia macrophylla King. Botanical Seed swietenine (28)
T+: Black pepper Piper nigrum L. Botanical Seed Piperine (29)
Ts: Clove seed Syzygium arcl_)r&a;lec#r; (L) Merr. & Botanical Seed Eugenol (30)
To: Neem Azadirachta indica A.Juss. Botanical Leaf Azadirachtin (31)
Ti0: Allamonda Allamanda cathertica L. Botanical Leaf Hexanoic acid, octanoic acid (32)
Tu: Tulsi Ocientific tenuiflorum L. Botanical Leaf Methyl chavicol, linalool (33)

. . L . . lawsone (2-hydroxy-1,4-
Ti: Mehendi Lawsonia inermis L. Botanical Leaf naphthoguinone) (34)

o . . . Sesquiterpene dialdehydes
Tis: Bishkatali Polygonum hydropiper L. Botanical Leaf polygodial (35)

. . . - . . 1,1-diphenyl-2-picrylhydrazyl
Ti4: Acasia Acacia auriculiformis A.Cunn. ex Benth.  Botanical Leaf (DPPH), Teracacidin (36)
Tis: Curry leaves Murraya koenigii (L.) Spreng. Botanical Leaf Mahanine (37)
T1: Pepper mint Mentha piperita L. Botanical Leaf Menthol (38)

‘o . - Hexadecanoic acid, caryophyllene
Tz Nishinda Vitex negundo L. Botanical Leaf oxide (39)
T Lantana Lantana camara L. Botanical Leaf B-caryophyllene, icterogenin
(triterpenes) (40)

T1e: Rovral 50 WP (0.2 %) - Chemical - Iprodione 50 %
To: Control without plant extract Only PDA - -

PDA: potato dextrose agar.
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Screening of different Trichoderma isolates against Alternaria
brassicicola

This study examined the antagonistic activity of 18 Trichoderma
isolates collected from Plant Microbe Interaction Laboratory,
Department of Plant Pathology, Bangladesh Agricultural
University against A. brassicicola pathogen causing Alternaria
blight disease in mustard-rapeseed. The effects of Trichoderma on
the development of Alternaria sp. were assessed using dual-
culture procedures (41). The antagonistic effect of Trichoderma on
Alternaria sp. was measured where Trichoderma and Alternaria
cultures were placed at equal distances from the periphery of the
same Petri dishes containing PDA. The plates were incubated at
25 C for 10 days at a 12/12 hr dark/light condition. Both treatment
and control plates were maintained with 3 replications. At intervals
of 3, 5 and 7 days, the colony diameter of the targeted fungal
pathogen was measured in centimeters and the percentage
inhibition of the pathogen's typical radial mycelial growth was
calculated (42).

Measurements of mycelial growth

Mycelial growth of A brassicicola was measured by calculating the
average of two perpendicular colony diameters. Measuring the average
of two diameters at right angles to one another. The formula given
below was used to determine the percentage of growth inhibition
caused by botanicals extracts and Trichoderma (43).

Growth inhibition (%) = x 100 (Eq. 1)

Where, C = mean mycelial growth (radial) of the pathogen in the
control plate, T = mean mycelial growth (radial) of the pathogen in
the treated plate.

Field evaluation of botanical extracts and bio-control agents against
Alternaria brassicicola

The experiment was conducted at the field laboratory of
Bangladesh Institute of Nuclear Agriculture (BINA), Mymensingh
and Plant Microbe Interaction Laboratory, Department of Plant
Pathology, Bangladesh Agricultural University, Mymensingh 2202,
Bangladesh. BARI Sarisha 4 (Tori-7), one of the high-yielding
mustard varieties in Bangladesh, was used for this field
experiment. BARI Sharisha 4 is also susceptible to Alternaria
disease (10). A total of 24 plots were prepared for 8 treatments
(Table 2), with 3 replications maintained. Seeds were sown on 18
November 2021 in each experimental plot (each plot size was 1 m?

Table 2. Treatments used in the field experiment with specifications

row to row spacing 30 cm and plant to plant spacing 5 cm)
following the standard planting method, the recommended dose
of fertilisers was applied and proper irrigation and weeding were
maintained (44). Botanical extracts and Trichoderma-based
bioformulations were selected based on the results of in vitro
inhibition.

Application of botanical extracts and Trichoderma bioformulations

Eight treatments were used to evaluate the disease incidence and
severity of Alternaria blight of mustard, along with various yield-
contributing parameters. Based on the effectiveness observed in
vitro assay, two botanicals (cumin and clove seed extracts) at two
concentrations  (1:10, 1:20) and two T. asperellum-based
bioformulations (BDPMIL-TAN51, BDPMIL-TAN41) were selected.
Chemical fungicide Rovral 50 WP (Iprodione) was used as a positive
control and water as a negative control. The 1:10 and 1:20
concentrations of cumin and clove seed extracts were made by
adding the necessary amount of water to a 1 : 5 stock solution of
cumin and clove seed extracts. The Plant Microbe Interaction Lab,
Department of Plant Pathology at Bangladesh Agricultural
University in Bangladesh provided the formulated T. asperellum bio-
agent (BDPMIL-TAN51, BDPMIL-TAN41), 3 g of each formulation was
mixed with distilled water to a final volume of 1000 mL using a
volumetric flask. For the chemical control, 1.5 g of Rovral 50 WP was
dissolved in 500 mL of distilled water. Botanical extracts,
Trichoderma-based bio-formulations and chemical fungicide were
foliar sprayed three times at 7 days intervals, starting from 33 days
after sowing (DAS). Disease incidence and severity of Alternaria
blight were measured at seven days after each application at 40, 47
and 54 DAS.

Disease observation
For each plot, five plants were considered randomly to find out the
disease incidence by using the following formula:

No. of infected plants

x 100
(Eq.2)

Disease incidence (%) =
Total no. of plants

Disease severity of naturally infected BARI Sarisha 4 (Tori-7)
plants in treated and non-treated plots was assessed by a disease
severity scale (45) (Table 3).

Assessment of percent pod infection

For each of the plot, five plants were considered randomly to find out
the percentage pod infection by using the following formula (46):

Treatments Type Active ingredient Concentration
Ti: Cumin seed (C. cyminum) Botanical Terpenes, flavonoids (26) 1:10

T,: Cumin seed (C. cyminum) Botanical Terpenes, flavonoids (26) 1:20

Ts: Clove seed (S. aromaticum) Botanical Eugenol, flavonoids (30) 1:10

T4 Clove seed (S. aromaticum) Botanical Eugenol, flavonoids (30) 1:20

Ts: Formulation of T. asperellum isolate BDPMIL-TAN51 Biological Trichoderma asperellum 3g/1000 mL
Te: Formulation of T. asperellum isolate BDPMIL-TAN41 Biological T. asperellum 3g/1000 mL
T: Rovral 50 WP Chemical Iprodione 0.3%

To: Control Only water -

Table 3. Disease severity scale for Alternaria leaf blight

Rating scale

Symptoms produced on leaves are categorised

1 No spots and no chlorosis on the leaf

2 A few pinpoint spots but no chlorosis

3 Some spots but no large lesions and no chlorosis

4 Some spots with a few lesions surrounded by light chlorosis
5-9 Increasing number and size of lesions and chlorosis on the leaf

10 Lesions with chlorosis on more than 90 % of the leaf
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No. of infected pods per plant

x 100
(Eq.3)

Pod infection (%) =
! fon (%) Total no. of pods per plant

Data collection for the yield and yield contributing parameters

Number of seeds per plant, no. of infected seeds per plant, no. of
seeds per pod, weight of diseased seeds per plant, weight of
healthy seeds per plant, weight of 1000-seeds and yield per
hectare collected during the maturity stage of the plant. The data
on different parameters were statistically analysed using analysis
of variance (ANOVA) technique to find out the level of significance
(47). The treatment means were compared by Duncan’s multiple
range test (DMRT) at a 5 % level of significance. The data collected
were analysed using the SAS (University Edition version 3.71 basic
edition) statistical package.

Results

In vitro evaluation of different botanical extracts on radial
mycelial growth and percent growth inhibition of Alternaria
brassicicola

Botanical extracts showed a highly significant effect on radial
mycelial growth and percent growth inhibition of Alternaria
brassicicola in case of all treatments (DMRT, p < 0.05; LSD = 0.3701
at 10 days after inoculation (DAI)). Under controlled conditions,
cumin seed extracts (Ts) and clove seed extracts (Ts) greatly
inhibited the pathogen's mycelial development, reducing the
growth to just 0.5 cm at 10 DAl (93.59 % inhibition) over the
untreated control (To) 7.8 cm, placing them statistically same with
Rovral 50 WP (Ti; 0.5 cm, 93.59 %) and together forming the
highest-performing group (shared letter m, DMRT). This near-
complete suppression demonstrates that these two botanicals
can match synthetic fungicide performance in invitroata 1: 10
(plant parts: water + PDA) dilution. Mycelial growth of
A brassicicola in different treatments varied substantially, with
highest mycelial growth recorded under control and the least

mycelial growth recorded in PDA medium supplemented with
cumin and clove seed extracts, followed by almond leaf extract
(1.47 cm at 10 DAI) and forming a statistically distinct group (letter
) from both the cumin/clove extracts and the midrange
treatments. In contrast, mahogany seed extract (Te) showed the
weakest inhibitory activity (16.28 %; 6.53 cm), significantly worse
than most treatments (letter b) and approaching the performance
of the untreated control (letter a). The wide range of inhibition
values (16.28-93.59 %) across the 18 extracts confirms that
biocontrol potential is highly species-specific and cannot be
generalised across botanicals (Table 4 and Fig. 1).

In vitro evaluation of Trichoderma spp. on radial mycelial growth of
Alternaria brassicicola

A total of 18 Trichodermaisolates were used in this study to know the
effect of Trichoderma spp. in suppressing the radial mycelial growth of
A brassicicola in dual culture assays up to 7 days. Dual-culture assays
demonstrate a substantial and statistically significant variation in the
antagonistic capacity of 18 Trichoderma isolates against A brassicicola
(LSDy.5 =0.2144 at 7 DAI). Five isolates (HI, N51, R1, N41 and R50) out of
eighteen were found to restrict the growth of the fungus after 3 days of
inoculation in dual cultures and within 5 days mycelial growth of
A brassicicolawas totally overlapped by the mycelial growth of different
Trichoderma isolates and the mycelial growth of A brassicicola was
entirely inhibited due to the overgrowth of Trichoderma isolates. These
five isolates achieved the maximum recorded suppression of 84.13 %
at7 DA, reducing pathogen growth to just 1.0 cm against a control plate
value of 6.3 cm and forming a statistically superior group (letter h, 7 DAI)
other than all remaining isolates. Radial growth of A brassicicola was
reduced by 46.03 to 84.13 % in dual culture assays at 7 DAI (Table 5).
Isolates SIA and 11 were the weakest performers, achieving only
4762 % and 46.03 % inhibition respectively at 7 DAl (letter a, highest
growth values), which was less than half the suppression achieved by
the top isolates. The five Trichoderma isolates were identified as
Trichoderma asperellum by sequencing of internal transcribed spacer
(ITS) region (data not published), indicated a rapid and aggressive
mode of antagonism (Table 5and Fig, 2).

Table 4. In vitro evaluation of different plant extracts on radial mycelial growth of Alternaria brassicicola

Treatments Mycelial growth

Mycelial growth

Percentage growth
inhibition over control (5

Percentage growth
inhibition over control

(cm) 5 DAI? (cm) 10 DAI DAI) (10 DAI)

T1- Garlic clove extract (1:10) 3.4de 5.5f 15 29.49
T2- Black cumin seed extract (1 : 10) 1.97h 3.8h 50.75 51.28
Ts- Onion clove extract (1: 10) 3.43de 6.1cd 14.25 21.79
T4~ Cumin seed extract (1: 10) 0.5k 0.5m 87.5 93.59
Ts- Fenugreek seed extract (1: 10) 3.78bc 5.9de 5.5 24.39
Te- Mahogany seed extract (1 : 10) 3.1f 6.53b 22.5 16.28
T+ Black pepper seed extract (1: 10) 2.53g 4.63g 36.75 40.64
Ts- Clove seed extract (1:10) 0.5k 0.5m 87.5 93.59
To- Neem leaf extract (1: 10) 3.67cd 6.4bc 8.25 17.95
Tio- Almond leaf extract (1: 10) 0.97j 1.471 75.75 81.15
Tu- Tulsi leaf extract (1: 10) 3.23ef 6.4bc 19.25 17.95
T12- Mehendi leaf extract (1 : 10) 1.57i 3.2j 60.75 58.97
T13- Bishkatali leaf extract (1: 10) 1j 2.03k 75 73.97
Tu- Acasia leaf extract (1: 10) 4.1a 5.68ef 00 27.179
Tis- Curry leaf extract (1: 10) 1.97h 3.43hi 50.75 56.03
Tie- Pepper mint leaf extract (1: 10) 3.97ab 5.97de 0.75 23.46
T17- Nishinda leaf extract (1: 10) 1.9h 3.05j 52.5 60.90
Tis- Lantana leaf extract (1: 10) 2.7g 4.43g 32,5 43.21
T1s- Rovral 2 % (50 WP) 0.5k 0.5m 87.5 93.59
To- Control 4ab 7.8a - -

LSDP 0.2825 0.3701 - -

2DAI: days after inoculation; data represent the means of 4 replications; °LSD (0.05): least significant difference. In a column, means followed by

the same letter(s) are statistically similar at 5 % level by DMRT.

https://plantsciencetoday.online


https://plantsciencetoday.online

Fig. 1. Invitro mycelial growth suppression of Alternaria brassicicola with potato dextrose agar media supplemented with different plant

extracts (1:10) after 10 days of inoculation.

DAI: Days after inoculation

Table 5. In vitro mycelial growth suppression of Alternaria brassicicola with Trichoderma spp.

Radial mycelial growth of

Trichoderma A. brassicicola on control plate (cm)

Radial mycelial growth of
A. brassicicola (cm) on dual culture plate

Percentage growth inhibition of
A. brassicicola on dual culture plate

isolate over control plate

3 DAI 5 DAI 7 DAI 3 DAI 5 DAI 7 DAI 3 DAI 5 DAI 7 DAI?
Isolate HI 3.5a 4.5a 6.3a 1.0j 1.0g 1.0h 71.43 77.78 84.13
Isolate N51 3.5a 4.5a 6.3a 1.0j 1.0g 1.0h 71.43 77.78 84.13
Isolate J1 3.5a 4.5a 6.3a 2.2¢ 2.6bc 2.7b 37.14 42.22 57.14
Isolate R1 3.5a 4.5a 6.3a 1.0j 1.0g 1.0h 71.43 77.78 84.13
Isolate N41 3.5a 4.5a 6.3a 1.0j 1.0g 1.0h 71.43 77.78 84.13
Isolate SIA 3.5a 4.5a 6.3a 2.8a 3.0a 3.3a 20.00 33.33 47.62
Isolate R50 3.5a 4.5a 6.3a 1.0j 1.0g 1.0h 71.43 77.78 84.13
Isolate B2 3.5a 4.5a 6.3a 1.2i 1.4f 1.5¢g 65.71 68.89 76.19
Isolate Kul 3.5a 4.5a 6.3a 2.0de 2.3d 2.5bc 42.86 48.89 60.32
Isolate B1 3.5a 4.5a 6.3a 1.8fg 2.0e 2.1f 48.57 55.56 66.67
Isolate C1 3.5a 4.5a 6.3a 2.2¢ 2.3d 2.4de 37.14 48.89 61.90
Isolate T2 3.5a 4.5a 6.3a 2.1cd 2.4cd 2.6bc 40.00 46.67 58.73
Isolate S1 3.5a 4.5a 6.3a 1.9ef 2.3d 2.5bc 45.71 48.89 60.32
Isolate N3 3.5a 4.5a 6.3a 1.7g 2.0e 2.2ef 51.43 55.56 65.08
Isolate S2 3.5a 4.5a 6.3a 2.0de 2.3d 2.6bc 42.86 48.89 58.73
Isolate N91 3.5a 4.5a 6.3a 1.5h 1.9e 2.3ef 57.14 57.78 65.08
Isolate N61 3.5a 4.5a 6.3a 2.1cd 2.4cd 2.7b 40.00 46.67 57.14
Isolate 11 3.5a 4.5a 6.3a 2.4b 2.7b 3.4a 31.43 40.00 46.03
LSD (0.05) ® 0.4876 0.5436 0.4362 0.1448 0.2038 0.2144 - - -

3DAI: Days after inoculation; data represents the means of 4 replications; °LSD (0.05): least significant difference. In a column, means followed

by same letter(s) are statistically similar at 5 % level by DMRT.

Effect of botanicals and formulated Trichoderma asperellum on
diseases incidence and disease severity of Alternaria blight of
mustard in the field

Effects of different treatments on disease incidence and severity
were statistically significant at all three assessment points, with
significance levels increasing over the season, from p < 0.05 at 47
DAS to p <0.001 at both 40 and 54 DAS for incidence and p < 0.01
at 40 and 47 DAS intensifying to p < 0.001 at 54 DAS for severity,
which indicate the differences progressed among different
treatments over time reflecting (Table 6). The effect of two
botanicals (cumin seed and clove seed) and two bio-agents,
T. asperellum based bioformulation PMIL-TAN51 and PMIL-TAN41
on Alternaria blight of mustard in the field was studied at 40 DAS,
47 DAS and 54 DAS i.e., 7 days after each treatment application.
Plants treated with Trichoderma performed better than other eco-

friendly management methods in reducing Alternaria blight
incidence and severity. However, at 54 DAS, the minimum
percentage of disease incidence of treated plants was 19 % in case
of Ts (BDPMIL-TAN51 bioformulation) while the greatest
percentage of disease incidence was 38 % in case control (To). At 54
DAS, Rovral 50 WP (at 0.3 %) treated plants (positive control) had
the lowest proportion of disease incidence (14.00 %). However, in
this experiment, the lowest percentage of disease severity in plants
treated with formulated product of T. asperellum isolate PMIL-
TAN51 (Ts) was recorded at 18.33 %, while the highest percentage
of disease severity (78.33 %) was observed in plants treated with
the control (To) at 54 DAS. On the other hand, after 54 DAS, Rovral
50WP (at 0.3 %) treated plants had the lowest percentage of
disease severity observed (13.67 %) (Table 6). Critically, Tsand the
positive control Rovral 50WP (T 14 % incidence, 13.67 % severity)
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Trichodermaspp. Antagonistic A. brassicicola
(control; 3DAI) effect (3 DAI) (control; 3DAI)
Antagonistic

IsolateR1

Isolate N51

\\/

effect (S DAI)

A. brassicicola
(control; SDAI)

Fig. 2. Invitro mycelial growth suppression of Alternaria brassicicola with five best performed (N41, HI, R50, R1 & N51) Trichoderma spp.

isolates after 5 days of inoculation.

Table 6. Effect of plant extracts and bio-agents on disease incidence and severity of Alternaria blight disease in the field

Disease incidence (%)

Disease severity (%)

Treatments 40DAS* __ 47DAS 54DAS 40 DAS 47DAS 54 DAS
To - Control 8.67bc 17ab 38a 15a 21.67a 78.33a
T1- Cumin seed extract (1: 10) 15ab 17ab 22bc Tab 12.33ab 75a

T2 - Cumin seed extract (1: 20) 9.67bc 16.67ab 28bc 8.67ab 25.33a 45b

T; - Clove seed extract (1: 10) 11bc 15.33ab 21.67bc 6ab 11.33ab 43.33b
T4 - Clove seed extract (1 :20) 19a 19.33a 20.67bc 4.67b 12ab 41.66667b
Ts - formulation of T. asperellum isolate BDPMIL-TAN51  7.67bc 10.67ab 19bc 4b 5.67b 18.33333cd
Te - formulation of T. asperellum isolate BDPMIL-TAN41 8bc 14ab 19.67bc 10.67ab 17.33ab 38.33333bc
T7- Rovral (0.3 %) 6C 9.67b l4c 2b 4.67b 13.66667d
Level of significance o * b > > i

CV (%) 24.45 22.50 16.06 46 37.26 17.77

In a column, means followed by the same letter(s) are statistically similar at 5 % level by DMRT; 2DAS: days after sowing; ***: 0.001 level of

significance; **: 0.01 level of significance; *: 0.05 level of significance.

shared overlapping or adjacent DMRT groups at 54 DAS for both
incidence (letters bc vs c) and severity (letters cd vs d), indicating
that their performance was not statistically distinct, that means
this bioformulation can be an alternative to chemicals. The PMIL-
TAN41 formulation (Te) also performed well (19.67 % incidence;
38.33 % severity at 54 DAS), though it was statistically inferior to Ts
in severity reduction (letter bc vs cd). Botanical treatments (T:-Ta)
produced intermediate outcomes: clove seed extract at 1 : 20
dilution (T4) achieved 20.67 % incidence and 41.67 % severity,
significantly better than control for severity (letter b), but cumin
extractat 1: 10 (T.) showed anomalously high early incidence at 40
DAS (letter a, 15 %), suggesting a possible stimulatory or
phytotoxic effect at higher concentrations in early growth stages
that warrants further investigation.

Effect of botanicals and formulated Trichoderma asperellum on pod
infection for Alternaria blight of mustard in the field

The minimum percentage of pod infection (14.00 %) was
measured for Rovral 50 WP treated plants (positive control)
followed by (20.00 %) in case of plants treated with formulated
product of T. asperellum isolate PMIL-TAN51 (Ts) and the
maximum percentage of pod infection (63.33 %) was recorded in
case of control (To) plants at 75 DAS; in contrast botanicals showed
pod infection rate (40-53 %) near to control treated plants (Table 7
and Fig. 3.). These data indicate a significant and statistically
meaningful variation in the antagonistic capacity of different
botanicals and formulated Trichoderma asperellum on pod
infection for Alternaria  blight of mustard in the field condition
(LSDg.o5=5.79 at 75 DAS).
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Table 7. Effect of treatments on pod incidence rate in field conditions at 75 days after sowing

Treatments Pod incidence (%)
To: Control 64a
T1: Cumin seed extract (1: 10) 53b
T2: Cumin seed extract (1: 20) 53b
Ts: Clove seed extract (1: 10) 41c
Ta: Clove seed extract (1:20) 40c
Ts: formulation of T. asperellum isolate BDPMIL-TAN51 28d
Te: formulation of T. asperellum isolate BDPMIL-TAN41 20e
T+: Rovral (0.3 %) 14f
LSD 5.79
PLSD (0.05): least significant difference. In a column, means followed by same letter(s) are statistically similar at 5 % level by DMRT.
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Fig. 3. Percent pod infection under different treatments in field conditions at 75 days after sowing.

Effect of eco-friendly treatments on the yield and yield contributing
parameters of mustard

All yield and yield contributing attributes were significantly affected by
different treatment used in the field experiment, with the majority
significant at p < 0.001 and seed weight per pod significant at p < 0.01
(Table 6). Among the eco-friendly treatments, the maximum number of
seeds/plant (746; letter b) was observed in Ts (BDPMIL-TAN51
bioformulation) treated plants followed by cumin extract (641.67; letter
bc; T,) treated plants, whereas Rovral 50 WP (0.3 %) treated plants
produced 1258 (letter a) seeds/plant, then in the control (395; letter c).
The minimum number of infected seeds/plant (11.67; letter b) was
observed in T7 (Rovral 0.3 %) treated plots followed by BDPMIL-TAN51
bioformulation treated plots (12.3; letter b; Ts) and the highest number

of infected seeds/plant (24; letter a) was found in the control plots The
maximum number of seeds/pod (18.33) was observed in Ts
(PMIL-TAN51 bioformulation) treated plots among the eco-friendly
treatments, whereas the lowest number of seeds/pod (11.33) was
found in the control plots. Diseased seed weight per plant was also
minimised in Ts plots (0.03 g; letter b), statistically equivalent to Rovral
50WP (letter b), while the control recorded 0.047 g (letter ab), though
this parameter showed the highest variability across treatments
(CV % =41.78). Healthy seed weight per plant was 76.9 % higher in Ts
plots (2.83 g; letter b) versus control (1.6 g; letter ¢), directly reflecting the
impact of disease reduction on grain-illing efficiency.

However, the weight of 1000 seeds ranged from 2.73t0 497 g
for Toto Tz In case of the weight of 1000 seeds, Ts (BDPMIL-TAN51

Table 8. Effect of different eco-friendly management approaches on the yield and yield contributing parameters of mustard

Number of Weight of Weight of .

Treatment :Ieue'glbp‘i;:: infected seed/ st?deﬁzﬁf diseasgd seed/ healthgy seed/ We;gl:igf(;)o 00 Yield (kg/ha)
plant plant (g) plant (g)

To - Control 395¢ 24a 11.33b 0.047ab 1.6¢ 3.52bc 1197.67d
T, - Cumin seed extract (1:10) 475.33c 22a 16ab 0.06ab 1.93bc 4.26ab 1366.67bc
T, - Cumin seed extract (1:20) 641.67bc 15b 17ab 0.04ab 2.5bc 3.4bc 1242cd
T; - Clove seed extract (1:10) 609.33bc 15b 14ab 0.09a 2.29bc 2.73c 1255.67cd
T4 - Clove seed extract (1:20) 575.67bc 12.67b 15.67ab 0.04ab 2.33bc 3.73abc 1342bcd
Ts - PMIL-TAN51 Biopesticide 746b 12.33b 18.33a 0.03b 2.83b 4.54ab 1442.33b
Te - PMIL-TAN41 Biopesticide 563bc 12.3b 12.67ab 0.06ab 2.267bc 3.96abc 1393.33bc
T7- Rovral (0.3 %) 1258a 11.67b 17.67a 0.03b 4.4a 4.97a 1612a
Level of significance . . *x * ko ok P
CV (%) 13.49 14.54 13.57 41.78 13.39 11.35 3.95

In a column, means followed by the same letter(s) are statistically similar at 5 % level by DMRT.***: 0.001 level of significance; **: 0.01 level of

significance; *: 0.05 level of significance.
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bioformulation) treated plants showed maximum weight (4.63 g) while
the lowest (2.73 g) weight of 1000 seeds were observed in the plants
belonging to control plots. At the crop level, Ts plots yielded 1442.33 kg/
ha (letter b), which was a statistically significant 20.4 % improvement
over the control (1197.67 kg/ha; letter d), while Rovral 50WP remained
the highest-yielding treatment (1612 kg/ha; letter a), as expected for a
chemicalstandard (Table 8).

Discussion

Mustard, a global condiment, is affected by Alternaria blight,
causing significant yield losses. Chemical fungicides are the
primary method used in Bangladesh to combat Alternaria leaf
blight, but they pose environmental and human health risks.
However, certain plant species have been discovered to contain
natural substances in their leaves and bulbs that are toxic to many
fungi causing plant diseases (48, 49). This study aims to assess the
effectiveness of eco-friendly treatment approaches, specifically
plant extracts and Trichoderma bioformulations, in controlling
Alternaria leaf blight in the field.

Plant extracts like cumin and clove seed significantly
inhibited the radial mycelial growth of A. brassicicola, with 93.59 %
inhibition at 10 DAI, whereas mahogany seed extract displayed the
lowest percentage of mycelial growth inhibition at 16.28 %
compared to the control. Clove extracts demonstrated antifungal
activity with minimum inhibitory concentrations (MICs) of 1900,
2300 and 470 ppm against A. brassicicola and phenolic
compounds present in botanicals could potentially disrupt
enzymes involved in spore germination or interfere with amino
acids, affecting virulence (50). Moreover, at concentrations of
> 750 uL/L, the essential oil of cumin suppressed post-harvest
fungal infections such as Botrytis cinerea, Aspergillus niger and
Penicillium expansum (51).

The use of biocontrol strains for the management of plant
pathogens has recently been exploited by researchers (52, 53). In
this study, the growth of A. brassicicola was reduced by 84.13 % in
dual culture assays, with Trichoderma isolates HI, N51,N41, R1 and
R50 showing the highest suppression. Trichoderma species can
outcompete pathogens like Macrophomina phaseolina by
inducing hyphal coiling, abnormalities and reduced sclerotial
production (54). Some bioagents exhibited static activity and
inhibited mycelial growth of A brassicae, with Trichoderma
harzianum being the most effective, inhibiting up to 65.83 % of the
test pathogen (49). They also exhibit the ability to synthesise both
diffusible and volatile metabolites, along with volatile and non-
volatile antibiotics, giving them a competitive edge in nutrient and
spatial competition with pathogens. The antagonistic action of
Trichoderma spp. is demonstrated in vitro by reducing test-fungi
growth and fast expansion over the pathogen's colony (55, 56). The
incidence of Alternaria can be reduced by 25-30 % invitro when
chemical fungicides (mancozeb and propiconazole) are applied;
nevertheless, Trichoderma species alone can give inhibition levels
comparable to some synthetic fungicides (57). Additionally,
comparable outcomes have been documented when
T. harzianum and Bacillus subtilis are used to suppress Alternaria
spp. growth and enhance the growth of mustard blight and
cabbage diseases (12).

The Trichoderma bioagent, a talc-based formulation, has
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shown superior results in controlling Alternaria blight disease in
plants compared to other ecofriendly management
approaches. The PMIL-TAN51 bioformulation treatment resulted
in a minimum disease incidence of 19 % and a minimum disease
severity of 18.33 %. It also reduced pod infection to 20.00 %.
Biofungicides containing Trichoderma spp. were found to be the
best seed therapy for Alternaria blight, with the lowest disease
incidence and highest grain yield. Studies have shown that
T. harzianum inhibits height growth and reduces disease severity
in both lab and field conditions (7). According to some studies
T. harzianum inhibited the mycelial growth of A. brassicae and
using an antifungal preparation from Trichoderma led to a
20.2-29.5 % drop in the intensity of the disease (58). Trichoderma
extracts also have significant inhibitory effects on A. alternata
development.

Trichoderma-based products (PMIL-TAN51bioformulation)
have shown the best performance in yield contributing parameters
among eco-friendly approaches. The maximum yield was observed
in PMIL-TAN51 treated plots, with the maximum vyield
(1442.30 kg/ha) and highest number of seeds/plant (746) whereas
the minimum vyield (123333 kg/ha) and lowest number of
seed/plant (395) was observed in control plots. Trichoderma is myco-
parasitic and may produce plant growth-promoting chemicals that
are volatile and nonvolatile, potentially effective against infections.
Some study found that seed treatment with Trichoderma at10 g/kg
resulted in the lowest disease intensity, highest plant height, 1000
seeds weight and seed output. Indian mustard treatment resulted in
the highest plant height, 1000 seeds weight and seed output with the
lowest disease intensity (40.21 %) (9). Trichoderma spp. stimulates
plant growth and root formation through mycoparasitism,
competition and systemic resistance (59). It also exudes extracellular
hydrolytic enzymes, colonises the phyllosphere and rhizosphere and
generates toxic secondary metabolites (60). Trichoderma harzianum
has the potential as a plant growth promoter due to its ability to
produce hormones such as gibberellic acid, indoleacetic acid, or
benzyl aminopurine, which can reduce the endo-polygalacturonase
of Alternaria alternata by around 20 % (61). This suggests that the
observed improvements in disease resistance and plant
performance in Trichoderma-treated plants could be attributed, at
least in part, to the enhanced activity of these defence-related
enzymes (62). Botanical extracts were found to perform best in vitro,
under field conditions, they were less effective than Trichoderma.
Conversely, products derived from Trichoderma have shown
favourable outcomes in both in vitro and field settings.

Conclusion

The study evaluated the antifungal and antagonistic effects of
plant extracts and Trichoderma isolates against Alternaria
brassicicolafor disease control. Results showed that cumin seed
and clove seed extracts reduced the radial mycelial growth by
93.59 %, while Trichoderma isolates N51, N41, HI, R1 and R50
showed the highest growth suppression (84.13 %). Trichoderma-
based bioformulation (PMIL-TAN51) was the most effective eco-
friendly treatment approach, showing minimal disease incidence,
severity, pod infection and the highest yield contributions under
field conditions, but botanicals performed less than that. Future
research must evaluate the percentage of active substances and
determine their practical form to control this disease because the
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precise amounts of active ingredients in botanical extracts are
unknown. As well as, in order to improve the productivity of
Trichoderma-based products for disease management, future
research should also assess their field efficacy.
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